Chimeric PMA1::PMA2 sequences, placed under the control of the PMA1 promoter, were constructed by in vivo recombination between a gapped linearized plasmid containing the PMA2 gene and four different fragments of the PMA1 gene. Correct in-frame assembly of the PMA sequences was screened by the expression of the lacZ reporter gene fused to the PMA2 coding region. Restriction and sequencing analysis of 35 chimeras showed that in all cases, the hybrid sequences were obtained as fusions between continuous sequences specific to PMA1 and PMA2, separated by a region of identity. In all but three cases, the junction sequences were not located at regions of greatest identity. Strikingly, depending on the PMA1 fragment used, junction distribution fell into two categories. In the first, the junctions were scattered over several hundreds of nucleotides upstream of the extremity of the PMA1 fragment, while in the second, they were concentrated at this extremity. Analysis of the alignment of the PMA1 and PMA2 sequences suggests that the distribution is not related to the size of the region of identity at the PMA1-PMA2 boundary but depends on the degree of identity of the PMA genes upstream of the region of identity, the accumulation of successive mismatches leading to a clustered distribution of the junctions. Moreover, the introduction of seven closely spaced mismatches near the end of a PMA1 segment with an otherwise-high level of identity with PMA2 led to a significantly increased concentration of the junctions near this end. These data show that a low level of identity in the vicinity of the common boundary stretch is a strong barrier to recombination. In contrast, consecutive mismatches or regions of overall moderate identity which are located several hundreds of nucleotides upstream from the PMA1 end do not necessarily block recombination.
The PMA1 and PMA2 genes in Saccharomyces cerevisiae encode homologous P-type ATPases. PMA1, the major plasma membrane proton pump, is essential for growth (22) , while PMA2, which is not expressed under normal physiological conditions and whose physiological role is still unknown, appears not to be essential (20) . When placed under the control of the PMA1 promoter, PMA2 is overexpressed and can partially substitute for PMA1; under these conditions, cells grow almost normally at neutral pH but cannot grow under acidic conditions (23) . The PMA1 and PMA2 genes have 85% sequence identity. Most of the nucleotide substitutions and deletions are concentrated in the N-terminal part of the coding sequence, while the rest of the sequence shows much greater homology.
It has been shown that the homeologous PMA1 and PMA2 genes can exchange genetic information by ectopic recombination (8) . Analysis of revertants of the pma1-105 mutation revealed that nearly 90% of the revertants arose by gene conversion between pma1 and PMA2. The gene conversion tracts were continuous and varied in size from 18 to 774 bp, with an average of 237 bp. Their boundaries were not located in the regions of greatest identity and consisted of only short sequences (3 to 26 bp) common to the two genes. However, a bias in the selection of recombination events was introduced by Harris et al. (8) , since they selected only those gene conversions that could restore the wild-type PMA1 phenotype. Moreover, their analysis was restricted to the central part of the PMA genes, i.e., the region of highest identity. We have used a different approach in examining the mechanisms of ectopic recombination between the PMA1 and PMA2 genes. Our experimental system involves a combination of previously described procedures (14, 15) and is based on the capacity of the yeast to repair gapped linearized plasmids by using information from cotransformed homologous (or homeologous) DNA fragments. In addition, an ''in-frame controller'' gene was used to select the in-frame recombinants. Thirty-five chimeras generated between the N-terminal region of PMA1 and the Cterminal region of PMA2 were subjected to restriction analysis and sequenced. Our data support and extend previous reports on PMA1 and PMA2 (8) and cytochrome P-450 cDNAs (15) . The chimeras that we obtained corresponded to simple DNA exchanges between PMA1 and PMA2 not necessarily occurring in regions of highest identity. Our work also provides new insights into the mechanisms of recombination initiated by a double-strand break and reveals a phenomenon of clustering in the distribution of the junction sequences of the PMA1::PMA2 fusions. Moreover, our procedure can generate an almost indefinite number of fusions which are amenable to biochemical studies, as detailed elsewhere (4).
MATERIALS AND METHODS
Strains and media. Haploid strains YPS1-5A and YPS9-7A and diploid strain YPS2-2 have been described previously (23) . Strain W303-1B is from R. J. Rothstein (Columbia University, New York, N.Y.). Yeast strains were grown on synthetic glucose medium as previously reported (23) . When required, 40 g of 5-bromo-4-chloro-indolyl-␤-D-galactoside (X-Gal) per ml was added to the synthetic medium, which was buffered at pH 7.0 with 0.1 M sodium phosphate.
Plasmid construction. Plasmid pPSUP1L has been described previously (23) . The construction of plasmid pPSUP2L1 and chimeric genes has been reported in detail (4) . Briefly, pPSUP2L1 was obtained from a tripartite ligation as follows. Plasmid pPTZ-PMA2 (20) was digested with BamHI, which cuts in the polylinker of pTZ, and with EcoRV, which cuts at position ϩ2240 of the PMA2 coding sequence, to isolate a fragment containing the PMA2 promoter and two-thirds of the PMA2 coding region. The two other fragments were derived from the 120-U3 vector (12) , which contains the lacZ gene minus its first ATG. The SmaI-SacI fragment contains the 5Ј half of the lacZ coding region, while the SacI-BamHI fragment contains the 3Ј half of the lacZ coding region and the rest of p120U3, including the URA3 and leu2-d markers as well as the 2m replication origin. Ligation of the EcoRV end of PMA2 and the SmaI end located upstream of the lacZ coding region produces an in-frame fusion between the lacZ and PMA2 genes.
Introduction of mismatches near the extremity of the NruI-BglII donor. The region upstream of the BglII site (position ϩ1975 of the PMA1 coding sequence) in plasmid pECPTZ-PMA1 (23) was subjected to site-directed mutagenesis with the nucleotide 5ЈGTCGACAATGCGGATGATGCTGCCAGATCTGCTG, which generates a new SalI site (underlined) in the PMA1 sequence. The mutated plasmids were identified on the basis of this new SalI restriction site and verified by sequence analysis. The mutated PvuII-BglII fragment (positions 1018 to 1975 of the coding sequence) was substituted for its wild-type homolog in plasmid pPSUP1L.
Yeast transformation and plasmid extraction. The strains were transformed by the lithium acetate method (11) , and transformants were selected as Ura ϩ cells. Each transformation was carried out in the presence of 50 g of sonicated herring sperm DNA. Plasmids were extracted from S. cerevisiae as previously reported (14) .
DNA sequencing. The plasmids were extracted from S. cerevisiae and amplified in Escherichia coli. For several, the region encompassing the junction sequence was cleaved with HindIII plus NruI and subcloned in the sequencing pTZ18U vector cleaved with HindIII plus SmaI. Single-stranded DNA was sequenced by using the dideoxynucleotide chain termination procedure (2) and synthetic oligonucleotides. The other plasmids were directly sequenced as double-stranded DNA, using the same procedure.
Nomenclature. To simplify this report, the linearized plasmid derived from the pPSUP2L1 plasmid is referred to as the recipient and the linear DNA fragments containing PMA1 derived from the pPSUPIL plasmid are referred to as donors; the use of these terms is explained in the Discussion. The donor sequences are named by using the names of the restriction enzymes (roman letters) from which they were derived (for example, EcoRI-EcoRI). The recombinant clones are indicated by the chimeric gene symbol PMA12 followed by a number and two letters representing the donor sequence from which they were derived (for example, PMA12-6EE).
RESULTS
Construction of chimeric PMA1-PMA2-lacZ genes. Our strategy, derived from a previously described procedure (14) , is based on the construction of a recipient gapped linearized plasmid and donor sequences with various lengths (Fig. 1) . The linear plasmid used in this work contains the leu2-d selectable marker at one free end (KpnI site) and the promoter and the first 747 codons of the PMA2 gene fused to the lacZ reporter gene at the other free end (SalI site). This plasmid lacks the 2m replication origin and thus cannot replicate in S. cerevisiae. The donor sequences, which include the 2m replication origin and the URA3 marker, contain the leu2-d sequence at one free end (NruI or EcoRI site) and various lengths of the PMA1 coding sequence at the other. The leu2-d and PMA1 genes are separated by a distance of about 2 kb. The PMA1 sequences placed under the control of the PMA1 promoter were obtained as follows. The PMA1 gene was cleaved at increasing distances from the ATG start codon with EcoRI (ϩ484), PvuII (ϩ1018), BamHI (ϩ1599), and BglII (ϩ1975). The following donor fragments were generated: EcoRI-EcoRI, NruI-PvuII, NruI-BamHI, and NruI-BglII, corresponding to PMA12-EE, -NP, -NB, and -NG recombinants, respectively. S. cerevisiae was cotransformed with the gapped plasmid and each of the four donor sequences. To generate an autonomously replicative plasmid bearing the URA3 selectable marker, a FIG. 1. Generation of PMA1::PMA2 chimeric genes by homeologous intermolecular recombination. Recombination assays were carried out by cotransforming a linearized PMA2-lacZ-bearing plasmid derived from plasmid pPSUP2L1 and PMA1 donor sequences derived from plasmid pPSUP1L. The gapped linearized plasmid was produced from pSPSUP2L1 by removal of the KpnI-SalI fragment containing URA3 and the 2m replication origin. ori, pBR322 origin of replication; Amp r , ampicillin resistance gene; B, BamHI; Bg, BglII; E, EcoRI; Nr, NruI; P, PvuII.
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double crossover must occur between the identical leu2-d sequences on one side and the homeologous PMA1 and PMA2 sequences on the other side ( Fig. 1 ). The identification of in-frame PMA1::PMA2 fusions under the control of the strong PMA1 promoter is facilitated by the presence of the lacZ reporter gene, which is fused in-frame with PMA2; because of ␤-galactosidase activity, the recombinant clones harboring an in-frame PMA1::PMA2 fusion develop an intense dark blue color on X-Gal-containing medium. About 1,000 transformants of plasmid DNA per g were obtained, 75% of which were dark blue. The white transformants were not analyzed further. No dark blue colonies were observed in the absence of the donor sequence or recipient plasmid. Localization of the recombinant PMA1::PMA2 junctions. Thirty-eight plasmids selected from the PMA12-EE, -NP, -NB, and -NG recombinants were analyzed with a combination of SalI, BamHI, PvuII, and EcoRI restriction enzymes (Fig. 2) . Thirty-five plasmids showed the structure expected for a simple exchange between recipient and donor sequences involving homeologous recombination between the coding sequences of PMA1 and PMA2. Three plasmids with a more complex restriction pattern were not analyzed further. On the basis of restriction analysis, the PMA1-PMA2 junctions were mapped to four contiguous DNA segments (I, II, III, and IV) delineated by the SalI site on the 5Ј side and a SalI, PvuII, BamHI, or BglII site on the 3Ј side of PMA1 (Fig. 2) . A region of 300 to 500 nucleotides encompassing the PMA1-PMA2 junction was sequenced for each fusion. The sequencing data agreed perfectly with the restriction analysis results and showed that all chimeras correspond to a precise in-frame fusion between the PMA genes with a short junction sequence shared by the two genes. Our data support previous reports (8, 15 ) of the following. (i) The common boundaries are short (Table 1) , on average consisting of 10 nucleotides, with six junctions being equal to or shorter than 5 nucleotides (PMA12-6EE, -16NP, -19NP, -24NB, -35NG, and -40NG) and four longer than 30 nucleotides (PMA12-22NB, -23NB, -30NB, and -39NG). (ii) The boundaries are not located at regions of greatest identity between PMA1 and PMA2 except in the case of recombinants PMA12-23NB, -30NB, and -39NG. (iii) Sequence analysis showed that the sequences are continuous on both sides of the junction, suggesting overall alignment of the parental sequences, which is in agreement with restriction analysis data. In other words, the chimeric sequences have not been subjected to multiple replacements but result from a simple unique DNA exchange.
The unequal distribution of the junctions is the most striking feature of our work. A highly clustered distribution of the junction sequences was seen in the PMA12-EE and -NP recombinants. Five of eight PMA12-EE recombinants and five of nine PMA12-NP recombinants contain identical junction sequences localized at the extremity of the donor sequence used in the cotransformation experiment (Table 1 and Fig. 2) . Moreover, the average distances from the PMA1 extremity were 47 (Ϯ70) and 63 (Ϯ53) nucleotides in the PMA12-EE and -NP recombinants, respectively. In contrast, in the PMA12-NB recombinants, the junctions were dispersed across a region of more than 500 nucleotides, at an average distance of 312 VOL. 15, 1995 CHIMERIC PMA1::PMA2 ATPase GENES 5391 (Ϯ279) nucleotides from the BamHI site. This dispersed distribution was even more pronounced in the PMA12-NG recombinants, which displayed regularly spaced junction sequences up to a distance of 1,400 nucleotides upstream of the BglII site (average distance, 740 [Ϯ409] nucleotides). Only two of the nine PMA12-NB junctions and none of the PMA12-NG junctions were located at the extremity of the donor sequence. What features distinguish the EcoRI-EcoRI or NruI-PvuII and NruI-BamHI or NruI-BglII donor sequences? The ends of all four donor sequences were delineated by a region of identity between PMA1 and PMA2, which could be short (6 and 10 nucleotides for EcoRI-EcoRI and NruI-BglII DNA fragments, respectively) or long (25 and 36 nucleotides for NruI-PvuII and NruI-BamHI DNA fragments, respectively) ( Table 1) . However, the PMA1-PMA2 sequences corresponding to the EcoRIEcoRI and NruI-PvuII donors exhibited a much higher degree of heterology over their entire sequences than the sequences corresponding to the NruI-BamHI and NruI-BglII donors. The level of homology is also much lower near the PMA1 extremity, with a series of closely spaced mismatches. For instance, the 33-nucleotide PMA1 tract immediately upstream of the boundary common to PMA1 and PMA2 at the EcoRI site was interrupted by 13 mismatches (six groups of one, two, or three contiguous mismatches) ( Fig. 2 and 3 ) and had 61% sequence identity with its PMA2 homolog. The overall identity of the 200 nucleotides upstream of the EcoRI site was 82%. Moreover, the first 260 nucleotides of the coding sequences of the PMA genes showed only 38% identity and contained numerous deletions or insertions. Homeology at the PvuII site was only slightly better, with 74% identity of the 46 nucleotides upstream of the common boundary (nine groups of one mismatch and one tract of three contiguous mismatches). The next 200 nucleotides upstream showed an overall identity of 78%. In contrast, immediately upstream of the common boundary at the BamHI and BglII sites, there were only five mismatches for 51 nucleotides (90% identity) and two mismatches for 49 nucleotides (96.5% identity), respectively ( Fig. 2 and 3) . The overall identities within the first 200 nucleotides upstream of the boundary at the BamHI and BglII sites were 92.5 and 97.5%, respectively. These data strongly suggest that there is a direct relationship between the clustered distribution of the junctions and the heterology observed in the region upstream of the common boundary. In contrast, to produce recombinants PMA12-31NG and -36NG, the heteroduplex must have passed barriers of four, or even five, contiguous mismatches (positions 732 to 735 and 828 to 832 in PMA1), as well as a 34-nucleotide region of only 50% identity (positions 819 to 852). However, these stretches of highly divergent DNA are localized more than 1,000 nucleotides upstream of the donor end. The fact that it is possible to form recombinants such as PMA12-31NG or -36NG indicates that the requirement for a high degree of homology is less absolute in regions distant from the free end of the donor.
Introduction of closely spaced mismatches at the PMA1-bearing end of the NruI-BglII donor. Our data suggest that the degree of sequence identity upstream of the donor end dictates the distribution of the junctions. In order to test this hypothesis, seven closely spaced mismatches (two groups of four and three adjacent mismatches, respectively, separated by three identical nucleotides) were generated by oligonucleotide sitedirected mutagenesis of the NruI-BglII donor, immediately upstream of the PMA1-PMA2 boundary (Fig. 4A) . The gapped plasmid was cotransformed with the wild-type and mutated donors, and about 80% blue colonies were obtained for each transformation. The junctions of 19 correctly in-frame recombinants from each transformation were determined by restriction analysis, and the precise locations of 24 (13 for the wild type and 11 for the mutated donor) within the BamHI-BglII fragment were determined by DNA sequencing. While only one junction was found at the extremity of the wild-type donor, about 40% (8 of 19) were clustered downstream of the SalI site included in the mismatches for the mutated donor. Sequencing of six of these eight junctions showed that they were located at the PMA1-PMA2 boundary (Fig. 4B) . The analysis of the proportion of clustered and unclustered junctions by Fisher's exact test gave a value of P equal to 0.013, showing that the mutant and wild-type distributions are significantly different. It must be stressed, however, that the percentage of clustered junctions for the mutant donor is probably underestimated. Indeed, since the mismatches have been generated less than 15 nucleotides upstream of the donor end, a significant percentage of the mismatched extremities might have been eliminated during transformation by the action of cellular exonucleases. A similar degradation process has also certainly shortened a fraction of the ends of the EcoRI-EcoRI and NruI-PvuII donors; however, because of the high level of heterology upstream of the common boundary between PMA1 and PMA2, recombination a The position of the PMA1 extremity (in parentheses) is calculated from the first nucleotide of the PMA1 coding sequence.
b The name of the clone is the number given in the column followed by two letters as defined in ''Nomenclature'' in Materials and Methods (e.g., 9-EE).
c The nucleotide position is calculated from the first nucleotide of the PMA1 coding sequence.
d Number of nucleotides at the junction sequence that are identical between PMA1 and PMA2. When the junction is located at the PMA1 end of the donor sequence, the nucleotides removed by restriction are subtracted.
e Number of nucleotides between the PMA1 extremity of the donor sequence and the junction of the PMA genes calculated from the last PMA1-specific nucleotide.
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events involving shortened ends of the EcoRI-EcoRI and NruIPvuII donors are expected to be rare (PMA12-10EE might be such a recombinant).
DISCUSSION
We have analyzed 35 chimeras generated by in vivo recombination between the homeologous PMA1 and PMA2 genes. The mapping of the junction sequences confirms and extends the conclusions drawn from ectopic recombination (8) . In addition, our work gives new insights into the mechanism of recombination initiated by a double-strand break.
A new experimental approach. Two types of approaches have been used to study recombination between homeologous genes. One takes advantage of the possibility of selecting recombination events that occur spontaneously between nearly identical chromosomal sequences at ectopic locations in both mitotic and meiotic cells. As early as 1981, it was shown that the cyc1-11 mutation reverts by recombination with the nonallelic cyc7 gene encoding iso2-cytochrome c (5). More recently, it has been found that almost 90% of the revertants of the pma1-105 mutation arise by gene conversion between the PMA1 and PMA2 genes (8) . Although this approach is of great interest, all conversion events which generate a nonfunctional hybrid protein are eliminated. A second method producing plasmid-borne chimeric genes in vitro is based on intermolecular recombination occurring in vivo during yeast cotransformation with two linear DNAs bearing homeologous sequences.
This approach was first successfully applied to the production of hybrids between mammalian cytochrome P-450 cDNAs having 73% identity and, less efficiently, between the yeast ARG4 gene and its human cDNA homolog, which have 52% identity (15) . Hybrids between mitochondrial RNA maturase and DNA endonuclease have also been produced by this method (7). Our experimental system, which is derived from the second method, is original in several respects and, most importantly, it makes it possible to define both the recipient plasmid and the donor sequence (see below). We have designed donor sequences in which one free end is identical to one end of the recipient plasmid, while the second free end (PMA1) is homeologous to an internal region (PMA2) of the recipient plasmid. The donor homeologous sequences are variable in length but are designed in such a way that analysis of the recombination events involved in the production of the observed junctions is simplified. In addition, the in-frame controller lacZ gene allows their direct selection as dark blue colonies bearing inframe PMA1::PMA2 fusions. Even though illegitimate recombination events are rare for highly homologous genes, their proportion rapidly increases when identity is less than 50% (15) . The isolation of the correct chimeras is thus facilitated in our system.
Clustering in linear distribution of junction sequences. PMA1::PMA2 hybrids share traits with the pma1 revertants generated by ectopic recombination and with the P-450 cDNA hybrids. The chimeric genes result from a simple DNA exchange involving fusion between continuous sequences specific FIG. 3 . Alignment of PMA1 and PMA2 coding regions (20, 22, 25) and localization of the junction sequences in chimeras. PMA1 and PMA2 sequences were aligned by using the NALIGN program (16) . Only relevant regions are shown. The PMA1 sequence (upper sequence) is numbered from the first ATG (ϩ1). Identical residues are indicated by vertical bars. Horizontal bars and arrows above the PMA1 sequence indicate relevant restriction and cleavage sites, respectively. The recombinant junction sequences are boxed. Three nucleotide substitutions (indicated by a star) were found at positions ϩ891, ϩ1380, and ϩ1563 between the PMA1 sequences from strains IL125-2B (this study) and ⌺1278b (25) . The first substitution (G to A) was also found in strain S288C (22) , while the other two (C to G and A to G) are specific to strain IL125-2B; all three are silent.
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to each gene, which are separated by short DNA stretches identical in the two homeologous genes. The junction sequences between the recombined genes are generally not found in regions of highest identity (recombinants PMA12-23NB, -30NB, and -39NG in this study being the only exceptions). However, as previously emphasized (8, 15) , junction sequences do not necessarily correspond to the initiation site of heteroduplex formation. The final recombination products result from both heteroduplex formation and repair synthesis.
The most original finding of our study is the clustered distribution of the junction sequences along the recombination domain. Junction frequency is much greater near the end of the donor fragment in two recombinant families (PMA12-EE and -NP). This clustered distribution is similar to that of exchanges of exogenous DNA in Xenopus oocytes, which are concentrated near the sites of the original molecular ends (3, 9) . In this case, recombination has been shown to occur through single-strand annealing, a process requiring pairing of a single-stranded 3Ј tail with a complementary single strand followed by repair synthesis by DNA polymerase and ligation (13) . Single-strand annealing is also very efficient in S. cerevisiae (6, 19) . However, the observation that many junctions in PMA12-NB and -NG recombinants occur at a large distance from the PMA1-bearing end, as well as the existence of two types of clustering among the recombinants, is not readily explained by this model. Analysis of our results is thus based on the double-strand break repair model (24) with a pair of simple crossovers as in Fig. 1A .
Poles of recombination near the end of PMA1 may have been generated in our experimental system by the asymmetry in homology between the ends of the DNA fragments bearing PMA1 and PMA2. Indeed, the free extremity of the DNA bearing PMA1 is delimited by regions of identity with PMA2, while, in the gapped linearized plasmid, the free extremity is occupied over 1,000 bp by the PMA2 promoter that bears no homology to PMA1; strand invasion of the gapped linearized plasmid on the PMA2 side should therefore be promoted by the PMA1-bearing ends. As a consequence, the PMA1-bearing DNA fragment must be considered the donor and the gapped plasmid must be considered the recipient for the genetic information. Thus, in our experimental system, recombination might be initiated at fixed sites dictated by the sequence of the free donor end. In the system based on intermolecular recombination of homeologous P-450 cDNAs (17) , most junction sequences (17 of 20) are also found within a very small region of 100 bp around the break of the linearized gapped plasmid (15) , also suggesting clustering in the production of junction sequences; again, the existence of an asymmetric homology at the DNA ends of the gapped duplex and cotransforming DNA fragment suggests that clustering might result from initiation of recombination at fixed sites. High-and low-level clustering. Depending on the donor sequence, two levels of clustering, high and low, are found. High-level clustering is characterized by concentration of the junctions at the stretch of identical DNA in PMA2 and the PMA1-bearing extremity of the donor sequence. Low-level clustering is characterized by a dispersed distribution of the junctions over a distance of more than 1,000 bp. The degree of clustering does not correlate with the length of the stretch of identity at the boundary of the fusions. However, it seems to be directly related to the level of identity between PMA1 and PMA2 in the DNA segment immediately upstream of the stretch of identity. In the case of the EcoRI-EcoRI and NruIPvuII donors, these segments have 60 to 75% identity over a 30-to 50-nucleotide sequence and contain several consecutive mismatches, while in the case of the NruI-BamHI and NruIBglII donors, they are more than 90% identical, with only isolated mismatches. Moreover, the introduction of seven closely spaced mismatches in the NruI-BglII donor immediately upstream of the stretch of identity between PMA1 and PMA2 results in a significantly increased clustered distribution of the junctions at the extremity of the donor fragment, as observed with the EcoRI-EcoRI and NruI-PvuII donors. Thus, a low level of identity in the vicinity of the boundary stretch is a strong barrier to recombination. Our data, however, also suggest that in contrast to the initiation step, once the heteroduplex has been established over several hundreds of nucleotides, the occurrence of isolated groups of two, three, or even five consecutive mismatches as well as regions of overall moderate identity does not necessarily block recombination. The position of the apparent crossover junction is a complex function of the extent of heteroduplex formation and subsequent mismatch repair. The mismatch repair machinery, several components of which have been conserved through evolution from bacteria to humans, constitutes a block to homeologous recombination in prokaryotes (18) . This block may result from the destruction of the homeologous duplex by the complex excision repair reaction. However, it has been shown recently that heteroduplex binding in vitro by MutS and MutL proteins leads to termination of the branch migration step of RecA-catalyzed strand transfer, suggesting that the MutSMutL complex promotes the disassembly of the homeologous duplex (26) . These two processes are not mutually exclusive. A similar control of homeologous recombination may also exist in S. cerevisiae. It has been shown that the MSH2 and MSH3 gene products significantly decrease homeologous recombination (21) , and it has been proposed that mismatch repair proteins regulate the length of symmetric heteroduplex DNA through specific interactions with recombination enzymes (1) . In other words, MSH2 and MSH3 gene products would block branch migration during homeologous recombination. These hypotheses are supported by the observation that in spontaneous conversion tracts replacing a pma1 mutation with homeologous PMA2 sequence, the average length of the recombination tracts is significantly reduced in comparison with the several thousands of nucleotides covered by conversion tracts of quasi-identical sequences (10) . Similarly, our own data show that even in the case of the PMA12-NG recombinant junctions, which have the least clustered distribution, the average length of the conversion tracts is only 740 nucleotides; this distance is reduced to 312 nucleotides for the PMA12-NB recombinants and to 64 and 48 nucleotides for the clustered recombinants PMA12-NP and PMA12-EE, respectively. It would be of great interest to determine whether the clustering phenomenon described in this report is dependent on the mismatch repair genes MSH2 and MSH3.
